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INTRODUCTION 


In the complex forest-fire problem of the national forests of northern 
California, the group of factors dealing with man’s efforts to control 
fire has received most attention from all forest agencies, not only in 
the literature, but in everyday inspection and study by fire executives. 
The urgent need to learn what type of protection organization 
is most effective, how much a given scale of protection will reduce 
fire losses, and how the performance of the organization can be 
systematically checked and improved has dictated this concentration 
on means of attack. 

Important as such studies are, however, they must be supple- 
mented by analysis of a second group of factors, which include the 
physical nature of the forest itself, the character of vegetation or 
cover type, the behavior of fires as influenced by the kinds and 
volume of fuels peculiar to each type, and the climatic elements which 
affect alike the cover type and the occurrence and spread of fire. 

1 Northern California as defined includes the east and west slopes of the Sierra Nevada, the Coast Ranges 
north of San Francisco Bay, the plateaus of northeastern California, and the cross ranges of northwestern 
California. The national forests included in this area are for the purposes of this discussion divided into 
four groups, as follows: (1) Northern group, Klamath, Trinity, Shasta, and California; (2) east-side group, 
Modoe and Lassen; (3) northern Sierra group, Plumas, Tahoe, and Eldorado; (4) southern Sierra group, 
Stanislaus, Sierra, and Sequoia. These groups represent natural affiliations, geographically and otherwise. 
The division has been employed in earlier work, and having proved useful, isretained. The four protection 


forests of southern California represent a special problem and are not included, nor are the Inyo and Mono 
National Forests, because of the scarcity of fires on these forests, 
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All these are intimately related, and they must be understood before 

the protection organization and the actual control of fire can reach 
a satisfactory level of effectiveness. 

Cover type, or the typical tree or brush species or group of species 
occupying a given area at the present time, is clearly an element of 
basic importance in fire control. This was brought out in earlier 
work by the authors,’ in the course of a study mainly confined to 
methods and costs of ‘protection. It is demonstrated more pointedly 
by Sparhawk’s pioneer work? which employed similar basic data 
for all of the western national forest districts for the years 1911 to 
1915. His contribution has laid down a method of attack which 
will be increasingly applicable as more complete and accurate informa- 
tion on each fire is systematically collected. His statement that ‘‘the 
only scientific basis for such a study is what has actually happened ; 
that is, the actual fire history of the different forest areas’’ is clearly 
sound and is the foundation of this circular. However, the varia- 
bility of individual fires is so great, and the classification of type and 
hazard classes so incomplete, that even with records for a 10-year 
period available, the authors have not felt justified in attempting 
the complete analysis proposed by Sparhawk. 

The present study aims to distinguish the occurrence and behavior 
of fire in the major cover types as a basis of fire control, by means of 
average figures derived for each of the major types, showing length of 
season, prevalence of fires, rapidity of spread, and difficulty of control. 
These will express in preliminary fashion the relative effectiveness 
of equal protection effort in each of the types, and will explain pre- 
viously observed differences in results obtained in different national 
forests and variations in behavior of fire from different causes. 


COVER TYPES OF NORTHERN CALIFORNIA 
DEFINITION AND DISTRIBUTION 


The region studied is one of varied and roughly broken topography 
with a great range in elevation varying from 1,000 feet above sea level 
in the valleys to 14,000 feet at the crest of the Sierras. Cover type 
consequently varies enormously. The nine major cover types 
employed in this study are those used in national-forest administra- 
tion. (Table 1.) They may be summarized briefly, as including 
(1) the western yellow pine type, of which western yellow pine (Pinus 
ponderosa) is the principal tree (pl. 1, A), and (2) the mixed conifer 
type, in which western yellow pine grows in mixture with sugar pine 
(P. lambertiana) and in which Douglas fir (Pseudotsuga taxifolia), 
incense cedar (Libocedrus decurrens), and white fir (Abies concolor) 
occur as associate trees in varying proportions (pl. 1, B). Douglas 
fir (8) also occurs as a distinct type. (Pl. 2, A.) The sugar pine-fir 
type (4) is composed of white and red fir (A. concolor and A. mag- 
nifica) In mixture with sugar pine. In some places the Jeffrey pine 
(Pinus jeffreyi) takes the place of the western yellow pine in the stands 
or may grow with it in mixture with other species. The pure fir 
type (5) includes white fir, mixtures of white and red firs, and the 
red fir alone. (Pl. 2, B.) Within the timber belt a temporary 


2SHow, S. B., and KoToxk, E. I. FOREST FIRES IN CALIFORNIA, 1911-1920: AN ANALYTICAL STUDY. 
U.S. Dept. Agr. Gire: 243, 80 p., illus. 1923. 

3 SPARHAWE, W. THE USE OF LIABILITY RATINGS IN PLANNING FOREST FIRE PROTECTION. Jour. 
Agr. Research 30: 93: -720, illus, 1925, 
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association, the brush field (6), has in many places captured the land 
following the destruction of the forests by fire, logging, or both. 
(Pl. 3, A.) This type is in general considered separately from (7) 
the even less promising chaparral type. (PI. 4.) 


TaBLeE 1.—Distribution of cover-type areas in national-forest groups! of northern 
California 


[Thousands of acres; i. e., 000 omitted] 


All forests 
. North South 
7 
Cover type pice Hast side Sierra Sierra 
forests forests Total Perlcent 

Western yellows Dimer sa ee ee ee 1, 491 1, 244 1, 049 776 4, 554 30. 2 
Wiixediconilere! aim e2. <2 a wee Se aes 1, 328 138 635 1, 026 Soalzy, 20. 7 
TOUT AS HITS hs eyes SU ee re ee eae 1, 101 6 35 3 1, 145 7.6 
Sula pine——Nr eee el ey eee 91 43 OL Ree vee Sits 475 ByaL 
SONNY eS ie SES eee een eS eee 341 266 567 470 1, 644 10.9 
CASS ei at Reet come rae et ea 105 77 76 97 555 ah if 
@haparnaliic ae oe ere erie ae ee 258 38 12 95 403 7 Uf 
WiOOd lancet eal ee ae eee a oe 248 332 39 332 951 6.3 
YB YS) Oe Sia Se Te 1, 045 213 385 596 2, 239 14.8 
PAU Gy CSteaeret ate ae Ee 6, 008 2, 557 3, 139 3, 389 15, 093 100. 0 


1 Northern, Klamath, Trinity, Shasta, and California National Forests; east side, Modoc and Lassen 
National Forests; north Sierra, Plumas, Tahoe, and Eldorado National Forests; south Sierra, Stanislaus, 
Sierra, and Sequoia National Forests. 


Grouped for the sake of simplicity and because of similarity are 
several woodland types (8), including the oak (Quercus douglasiz), 
(pl. 3, B), oak—digger pine (Pinus sabiniana), and digger pine of the 
western Sierra Nevada slopes, the juniper (Juniperus occidentalis) and 
juniper—mountain mahogany (Cercocarpus ledifolius) of the eastern 
slopes, the California black oak (Quercus kelloggii) and madrofio 
(Arbutus menziesiz) mixtures of the north Coast Ranges. The grass- 
land type (9) includes areas on which sage (Artemesia tridentata), 
bitter brush (Kuntzia tridentata) and the rabbit brushes (Chryso- 
thamus sp.) occur. The alpine and subalpine types are practically 
free from fires and are not considered. 

In a broad way the major types succeed each other (figs. 1, 2, 3, and 
4), from the grass and chaparral of the Sierra foothills eastward 
through the oak and digger pine woodland, the commercial forests of 
western yellow pine, mixed conifer, sugar pine-fir, and pure fir, then 
across the summit in the scattered alpine protection forests, descend- 
ing the east slope through the pure fir, the commercial mixed conifer, 
the pure western yellow ‘and J effrey pine forests and the juniper wood- 
land to the sage and grassland of the eastern plateau. An exception 
is the Douglas | fir type, which is largely confined to the northern group 
of forests. Locally the types follow no simple successive altitudinal 
arrangement, but, because of minor variations in topography, aspect, 
or soil, are intermingled. The normal zonation is further upset and 
in places obscured by the presence of brush fields. 

It is found advisable to classify the types more generally by a natu- 
ral grouping, to bring out more clearly certain trends in the behavior 
of fire. The natural affiliations as recognized in these groups are: 

Chaparral and brush fields. 
Woodland and grassland. 
Western yellow pine and mixed conifer. 


Douglas fir. 
Sugar pine-fir and fir. 
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DIFFERENCES BETWEEN TYPES 


To serve as a background for the later analysis of fires, a sketch 
of the important differences between cover types in climatic factors, 
fuels, and behavior of fires is needed. These physical differences, 
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particularly the composition of the commercial timber stands and 
forage types, have already played an important part in the formula- 
tion of timber and range management plans in the national forests, 
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and foresters have recognized that a fuller understanding of our type 
is needed as the basis for silvicultural practice and range use. The 
bare outline here possible points to the great variation within the 
region, and indicates the complexity of the fire problem and the 
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extreme flexibility necessary in a control organization designed to 
cope with the problem. Even the individual types, because of site 
differences and effect of previous fires, vary enormously within them- 
selves. Density, height, and age of the timber; degree and direction 
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National Forest 


of slope; amount and character of associated: vegetation; and pres- 
ence or absence of young growth, all vary at times from acre to acre 
and hence affect the spread and severity of fires. With given fuel, 
slope, and soil, the spread of fires also varies greatly from time to 
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time as the moisture content of the fuel and the velocity of the wind 
vary. The behavior of fire in each type is controlled not only by the 
amount and kind of fuel, but also directly by the climatic elements 
of which the type itself is an expression.! 
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TEMPERATURE, SOIL MOISTURE, AND PRECIPITATION 


An investigation * conducted by the Forest Service, which covered 
the relation of air temperature and soil moisture to the principal 
timber types, except Douglas fir, in the central portion of the Sierra 
region, has brought out the differences between the upper and lower 
portions of the commercial timber belt. (Table 2.) The frostless 
season ranged in length from 97 days in the fir types to 162 days in 
the western yellow pine and length of the growing season from 143 
to 200 days. But neither length of frostless season nor that of the 
growing season can be regarded as directly controlling the length of 
fire season; rather, each is a useful indicator thereof. The difference 
between the two extremes in the frostless season of 65 days and that 
of 57 days in the growing season both exceeded the difference between 
the same types 1n length of fire season—42 days. (Table 8.) 


TaBLE 2.—Climaiological data from stations characteristic of various forest types on 
Plumas National Forest, 1914-1917 


Air-temperature data 


Soil 
Eleva- Mean Hours tem- | Soil 
Cover type tion of | Aspect | ‘tom. | Frost- | Grow. | Guring growing| pera- mois- 
station rene ee ine season— ture, oe 
ee A t £ 
jee : season | season iia eee 
i 85° F. | 70° F. 
d Feet bey ik Days Days |Number|Number| ° F. |Per cent 
Western yellow pine_______ 2,7 Bouthes 74. 4 162 200 498 | 1,396 72 3 
4,000 ;--.do____ 
iVrixed conifers ss 5 = 5, 000 |---do__-__ | 70. 4 158 180 |. 262] 1,070 69 5 
4,000 | North ___|! 
SHmarspine-Hre si ee oe 5000) do 66. 5 108 155 84 841 66 6 
F F 6, 000-| South___ = 
Ua Ge ee ete Se { 6, 000 North — \ 66.3 104 | 150 14 360 63 8 
. 7,060 | South___ = = 
igre. Ay Se { 7 000 North} 51.1 90 | 135 | 1 210 |S nee eee 


' 
{ 1 


The same study gave further information on type differences. The 
mean temperature for August, a peak month of the fire season, ranged 
from 58.7° F. in fir to 74.4° in western yellow pine. The temperature 
differences between types are also expressed by the comparative 
number of hot hours (over 85°) during the growing season, which 
range from 7 in fir to 498 in western yellow pine. The direct effect 
of temperature on spread of fire has not been fully analyzed, although 
undoubtedly it has some effect. In so far as temperature modifies 
relative humidity, it has a direct bearing on the spread of fire. 

Soil moisture is important because of its effect on moisture content 
of the litter and hence on inflammability and rate of spread. Experi- 
ments in California ° and Idaho ° indicate that with a litter moisture 
content of over 8 per cent (on an air-dry basis) fires do not start 
readily from sparks or matches, and with over 25 per cent litter 
moisture even bonfires do not spread. In the fir type the low soil 
moisture content for the season is reached in August at 8 per cent; 
whereas in the western yellow pine the moisture drops to 3 per cent 


4 No comprehensive study of types and climate has been completed for this region. The only published 
studies are: VARNEY, B. M. MONTHLY VARIATION OF THE PRECIPITATION-ALTITUDE RELATION IN THE 
CENTRAL SIERRA NEVADA REGION OF CALIFORNIA. Mo. Wea. Rev., 48: 648-650, 1920. SEASONAL PRECIPI- 
TATION IN CALIFORNIA AND ITS VARIATION. Mo. Wea. Rev., 53: 148-163; 208-218, 1925. 

5 SHow, S. B. CLIMATE AND FOREST FIRES IN NORTHERN CALIFORNIA. Jour. Forestry 17: 965-979. 1919. 

6 GISBORNE, H. T. MEASURING FOREST FIRE DANGER IN NORTHERN IDAHO. U.S. Dept. Agr. Misc. 
Pub. 29, 45 p., illus. 1928. 


COVER TYPE AND FIRE CONTROL 7 


during the same month. Thus even at the peak of the fire season the 
high-elevation timber types do not dry out to the degree that the 
western yellow pine type does. The litter in the fir type becomes dry 
enough so that fires start readily but do not spread as rapidly as in 
the western yellow pine and are more readily controlled. Direct 
measurements of litter moisture are so fragmentary that the differ- 
ences between types are by no means certain. Those available indi- 
cate that for the period from June to October the moisture of the 
litter in fir and sugar pine-fir types was higher than the danger point 
(8 per cent) 40 per cent of the time, as compared to 29 per cent of the 
time in the western yellow pine and mixed conifer types. 


TABLE 3.—Seasonal and annual rainfall and length of rainless season at northern 
California stations } 


Sea- 
An- sonal | Dura- 
Period of} nual | precip-| tion 
record |precip-! itation | of dry 
: itation | May to) season 
October 


Type Station 


Inches | Inches | Days 
123 


Grassi ainteeets Are ic se Seemene Va (2 stations) ____| 1874-1923 29.01 2. 65 


@ NAAT As ee ees ee Mokelitmire: Hales =) 3 2 ee Se 1882-1922} 33.18 3. 68 122 
ShinvlesSpringss 2 2a eee ees 1849-1912 
Woodlands ein 2a ee Sate Sonoracc 2 ae tee ae Bee as 1887-1922} 35.02 4,51 121 
Western yellow pine_____________ Wlacervillee 222e eV re eeee 1874-1922 
Georsetowhis ss eae 1872-1923} 51.30 6. 43 108 
GrassaV alley 2: ees ns et ee 1872-1923 
INGvada? City 22-3 ta eee 1863-1923 
Maxed conilerss- es Sos CIS CORSE sete 2 re eae ee Set 1870-1916 | 51.56 7. 03 105 
ees Sip speach, lity ps Ppa peer biaNE 5 1870-1923 
POWaT Hills oe. Peewee re Aree 1879-1910 
North ealoes aid SS! eee 1870-1923 
; Baaieran GG phere ae ee eee 1888-1923 
a thy) a Se Se Secs ee Se ee SMM Eee eh pe ee eee 1870-1923 | 59.93 8. 26 87 
IB OWANANIS ATs a ee ne 1871-1916 


a summary of the climatological data for the United States, U. S. Weather Bureau Stations 14 
and 15. 


The long-period records of the United States Weather Bureau 
(Table 3) show that total annual precipitation is least in grassland 
(29.01 inches), followed by that in the chaparral and in the woodland, 
with a substantial increase of approximately 22.5 inches in the western 
yellow pine and mixed conifer, and a further increase of over 8 inches 
in the fir type. Thus the total precipitation at higher elevations 
(59.93 Ebon | is over twice as great as in the grasslands of the foot- 

S. 

Of even greater importance from the standpoint of fire control is 
precipitation during the fire season (May to October, inclusive). 
The quantities rece:ved range from 2.65 inches in grassland to 8.26 
inches in fir, or over 300 per cent, following the same order of types as 
for total precipitation. 

The length of the fire season, as well as the ease of start and spread 
of fires during that time, are determined quite as much by the dura- 
tion of the rainless season as by the total annual precipitation. The 
average length of rainless season as given in Table 3, ranges from 
about 122 days for grass, chaparral, and woodland to 87 days for fir. 
This, when coupled with the temperature differences and the greater 
total and seasonal precipitation already noted, explains the shorter 
fire season at the higher elevations. 
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FUELS AND BEHAVIOR OF FIRE 


The nine major types in this region are recognizable as well by the 
character of associated herbaceous and woody plants as by the prin- 
cipal key tree species. AI of this plant life, together with the accu- 
mulation of partially decayed vegetable matter in the form of mulch, 
duff, and humus, determine the amount and character of the fuel. 

. Within the commercial timber belt the densest stands are found 
near the upper edge, where precipitation is greatest, in the fir types; 
and the most open forest is found at the lower edge, where precipi- 
tation is least, in the western yellow pine type. In heavy stands, the 
annual fall of needles and twigs soon becomes compacted into a dense 
layer of duff, poorly aerated and moisture-retaining. Close stands 
of timber, moreover, prevent the growth of annual plants, brush, and 
tree reproduction, so that the duff remains the principal fuel. In 
the more open western yellow pine stands the duff is less compact, 
dries out more rapidly, and is better aerated. Because of the general 
openness of this forest, the subordinate vegetation of annuals and 
brush is relatively abundant and in late summer, when the plants 
dry out and burn use becomes an important element in the 
spread of fire. Young tree growth also may be present to add to 
the fuel. Hence, whereas fires generally creep slowly in the fir type, 
where duff is the chief understory fuel, in the pine type they spread 
rapidly through the considerable understory of vegetation. The 
form in which the fuel occurs is often more important than total 
quantity in controlling spread and severity of fire. 

The mixed conifer type is usually an all-aged forest, with a con- 
siderably heavier volume per acre than is generally found in the 
western yellow pine type. The forest forms an irregular canopy, 
pierced by innumerable snags, which are a serious source of trouble in 
the control of fires. This type is richer in secondary vegetation than 
the western yellow pine or fir types, and openings are rapidly occupied 
by brush species, these forming the nuclei of future brush fields. 
Disintegration of fallen leaves and humus proceeds almost as rapidly 
as in the western yellow pine type, but on the whole the mixed conifer 
type has a slightly higher fuel content than has the western yellow 
pine type. Surface and ground fires are characteristic of this type, 
and crown fires are uncommon. 

The amount and kind of fuel present in the woodland type varies 
ereatly. In the drier situations the oaks, the principal species, occur 
as isolated trees, with widespreading crowns. This form of woodland 
type merges with the grassland type throughout its range; the ground 
is carpeted with grasses and weeds in profusion, and these form the 
principal fuel. Fires, as in the grassland type, spread with great 
rapidity over the surface, though rarely running up to the tree crowns. 
Where precipitation is heavier, the woodland type forms a close 
canopy of many hardwood species and the ground is heavily covered 
with a layer of dried and decayed leaves, and lacks any understory of 
erasses and weeds. Fires in the denser stands eat their way slowly 
through this semicompacted mass of organic material, flarmg up 
occasionally through the trees under increased wind velocity. 

In the brush fields, where fires have been excluded, new coniferous 
stands are making a start and a heavy layer of humus and duff forms 
under the closed canopy of the brush. The brush fields have the 
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highest fuel content of any type and fires sweep through them with 
great fury. Also, the progress of any given fire is far more uncertain 
and difficult to check than in the chaparral. In the brush fields the 
heavy layer of humus retains smouldering embers for long periods, 
and these flare up at the first wind that may arise and start a new 
conflagration. 

In the chaparral the density and height of stand depend mainly 
upon the frequency with which past fires have swept the area. Where 
fires have been absent for a decade or more, there is an uninterrupted, 
impenetrable cover of multistemmed individual shrubs. The princi- 
pal species being evergreen and small!-leaved, comparatively small 
quantities of dead material fall to the ground, and the dense shade 
prevents the establishment of grasses and weeds. Fires race with 
fury through this unbroken canopy of chaparral when high winds and 
low humidities prevail. On the other hand, fires subside quickly 
during calm weather and rising humidities, and finding little fire- 
holding fuels on the surface, frequently burn themselves out. Thus, a 
fire in chaparral may at one moment be a raging crown fire and the 
next almest completely subdued. 

The three major kinds of forest fires—those in the branches and 
tops of forest trees, or crown fires; those confined to the subordinate 
cover of grass, weeds, and litter, or surface fires; and those that run 
through the duff, or ground fires—occur at times in all types. Never- 
theless, without overgeneralizing, each cover type may be character- 
ized in fire control by the frequent occurrence of one kind of fire, in 
the following manner: 

Crown fires: 
Chaparral type. 
Brush type. 
Surface fires: 
Grass type. 
Woodland type. 
Western yellow pine type. 
Mixed conifer type. 
Douglas fir type. 
Ground fires: 
Sugar pine-fir type. 
Fir type. 

Fires which race through the crowns of dense stands of brush or 
chaparral have very properly been classified as crown fires in this 
region, although the term ‘“‘crown fire” has been almost entirely 
restricted in other regions to fires which run through the crowns of 
trees. Crown fires develop where a continuous closed canopy is 
found, and the chaparral and brush types are distinctly of such 
character. Only rarely in the daytime, more commonly at night, 
do fires burn as surface fires in these types, particularly the chaparral, 
and then only to burst into crown fires with the first considerable 
decrease in relative humidity or increase in wind velocity. Crown 
fires sometimes occur in the virgin forest types, but if so they are 
localized, except in the severest fire years; they are more common in 
second-growth forest. Crown fires generally spread the most 
rapidly, surface fires next, and ground fires least; and the degree of 
damage is ordinarily in the same sequence. The rapidity with which 
crown fires spread is indicated by the average of 55 acres per hour 
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in the chaparral type, and by 13.79 acres in the brush-field type, in 
both of which most fires are crown fires. 

Surface fires generally develop where an irregular low canopy of 
flash fuels exists, such as characterizes the grass, woodland, western 
yellow pine, mixed conifer, and Douglas fir types. In the first two 
of these, grasses and weeds are the most important fuels, and the 
average rate of spread is greater than in the commercial timber 
types, where needles and twigs are the important fuels. This differ- 
ence in fuels is reflected in the average rates of spread of 17 and 5.3 
acres per hour, respectively, for the grass-woodland and timber 

roups. 
‘ Ground fires occur where a compact and poorly aerated layer of 
humus and duff permits only a small supply of oxygen to reach the 
fire and where there is a scarcity of flash fuels. Under normal con- 
ditions ground fires eat their way slowly. The observed rate of 
spread for sugar pine-fir is 4.33 acres per hour, and for fir, the lowest 
in the entire scale, 1.07 acres per hour. 


THE FIRE PROBLEM 


NEED OF AN INDEX OF FIRE DANGER 


Most of the information heretofore available on forest cover types 
has dealt with climatic or botanical differences and has been of little 
direct value in attacking the fire problem. That a study of types 
from the fire-control standpoint is exceedingly difficult is evident 
from the great differences in age, height, and density of the mature 
timber, amount of young growth present and other variables, even 
within what is classed as a single major type. ‘Thus, at first glance 
it might appear that any attempt to isolate the cover-type factor as 
it affects the start and spread of fires is foredoomed to failure unless a 
very large number of subdivisions can be recognized. This would be 
a theoretically correct approach to the problem, but the results of 
such a study could find little use until a detailed ‘fire reconnaissance” 
of forest areas should recognize and map similar types. No such de- 
tailed classification of hazards is now in prospect. 

The practical and immediate job of fire control has been the reduc- 
tion of area burned and in most cases it has been impossible to recog- 
nize values demanding special intensive protection. Moreover, it 
has been necessary to provide much protection in types of generally 
very low intrinsic value, such as the chaparral and grassland, since 
these are of great value in preventing erosion, and also are contiguous 
to or are intermingled with commercial forest or restocking brush 
fields, with no natural or artificial barrier to prevent fires originating 
on the low-value lands from spreading on to more valuable properties. 
It will only be as more funds become available for fire control in the 
future, and as the whole level of protection effort is greatly raised, 
that a more detailed classification of risks, hazards, and values will be 
possible in fire control. 

At present not even an approximate expression of the magnitude of 
differences between types has been worked out, although it is com- 
monly recognized that the fire season is longer and that fires spread 
more rapidly in cover types of the lower elevations than at higher 
altitudes. What is needed at once is an index, even though crude, of 
the difference in fire control between the major cover types. 
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WHAT CONSTITUTES SUCCESSFUL PROTECTION? 


There is no general agreement as to what average annual burned 
area can be accepted and still make timber management on the 
national forests a successful venture. Neither the extent nor the 
value of damage in the different types is known with even approxi- 
mate accuracy. 

A reasonable maximum of acceptable loss might well be based on 
the acreage that can be burned annually without seriously reducing 
the ultimate forest crop, although what the protective organization 
may be expected to attain in the future can not be disregarded entirely. 
Figures to be given later (Table 12) indicate that, at least in the tim- 
ber types, 0.2 per cent loss annually is not too low a mark to be 
reached. Even this low figure would mean a loss of 20 per cent of 
the possible yield of a 100-year ‘“‘crop.”’ A loss of 0.2 per cent a 
year of the area protected can not be completely justified by any 
of the available data, but neither can it be successfully challenged 
merely by proving that present efforts have not attained it. For 
the purposes of discussion, this rate is therefore used as a rough 
criterion to compare with actual accomplishments. In the future it 
may even prove to be too high, as timber acquires a higher value 
and as more forest lands are placed under sustained yield manage- 
ment. 

During the decade 1911 to 1920 the degree of protection in effect, 
averaging good years and bad, resulted in an average annual burned 
acreage of 0.89 per cent of the total area in the timber-producing 
types (grassland, chaparral, and woodland excluded) for the national- 
forest group as a whole. Obviously, this rate of fire loss, which is 
equivalent to burning over the entire forest area in 110 years, is 
altogether too great as compared with the timber-growing rotation 
of 80 to 120 years, even if only part of the destructible value is lost 
after each fire. This is particularly true since only a relatively small 
area was reburned. In this study each fire over 40 acres was blocked 
im on one map, but not over 2 per cent of the areas overlapped as 
reburned tracts. 

Neither has the 0.2 per cent maximum been reached in the chaparral, 
grass, and woodland types. Radical reduction of burned area im 
these types is important, however, since fires originating within them 
will, unless promptly controlled, sweep into adjacent merchantable 
stands of timber or young er owth and destroy in part what has been 
accomplished in the other types. Although the values at stake here 
are not represented primarily by the timber and young growth but 
by the cover as an influence equalizing run-off and minimizing erosion, 
and by the forage, an annual crop, the preservation of these values 
requires a far lower percentage of land burned over annually than 
has thus far been attained. 


WHAT CONSTITUTES NEED FOR SPECIAL PROTECTION? 


Each spring forest protection organizations face the problem of 
determining when the protection afforded by the year-round staff 
becomes inadequate and when special protection measures, such as 
placing of lookouts, fire guards, and road and trail crews are justified 
and needed. A similar problem arises each fall in determining when 
the need is past. A major consideration in the decision, though by 
no means the only one, is how many fires may be expected. 
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Obviously, as in setting up a criterion of successful protection 
measured by area burned, no strict mathematical justification can 
now be adduced for any figure. In most years of the decade under 
discussion, when the rate of one fire per 10-day period per 100,000 
acres of protected area was exceeded in spring, the need of an aux- 
iliary protection organization was manifest, and when it was not 
employed a considerable acreage was burned. The same thing was 
true in the fall whenever special protection was abandoned before 
fires fell short of this rate. One fire per 10-day period per 100,000 
acres has therefore been adopted as a reasonable criterion of need 
for special protection on a regional and major-type basis. In certain 
localities and under particular circumstances, placing of the full pro- 
tection organization before any fires have started may be good 


management. 
METHOD OF STUDY 


MATERIAL USED AND METHODS OF HANDLING 


The data used in this investigation are derived from reports made 
by forest officers on 10,476 fires that occurred from 1911 to 1920, 
inclusive, on and adjacent to 12 timbered national forests of Cali- 
fornia, as distinguished from the brush-covered protection forests. 
(Table 4.) It is the Forest Service practice to record as soon as 
possible after each fire the essential facts of the fire, including its 
origin, its history, the factors affecting its spread, and its cost. Pro- 
eressive changes in the recording forms have been made during 
these years to improve the quality, to facilitate the use, and to in- 
crease the scope of the data recorded. Of the hundreds of indi- 
viduals who have been connected with fire control and who are 
responsible for the data on these forms, many were unaccustomed to 
recording notes in the field and to assembling facts on paper. The 
pressure of work made it impossible for many of the field officers to 
prepare the reports for some days after a fire; and for the same 
reason detailed examination and survey of many large fires has been 
impracticable. It must be recognized, therefore, that in quality, 
accuracy, and completeness the data are far from perfect. But such 
a study as this is not contingent on perfection of data. Data clearly 
inaccurate have been discarded, and it is probable that ordinary 
errors are sufficiently compensating so that in the mass the data 
give approximately true values. 


Taste 4.—Dzistribution of fires by cause and cover type, 1911-1920, 12 timbered 
forests 


General-risk fires Speciai-risk fires 


Type TSR TAPP aeI Gy CRON! GFh aah a eas 
Incen- |} Light-} Un- Brush | Lum- | Miscel-} Rail- | causes 
Total 


Camper diary | ning | known burning| bering |laneous} road 
Western yellow pine_ 829 460 | 1, 564 237 | 3,090 87 208 144 1 3, 654 
Mixed conifer_______ 620 429 | 1,228 197 | 2,474 80 272 100 73 2, 999 
IDYowhellkes saps 94. 260 263 9 626 17 2 3 J 659 
Sugar pine-fir_______ 56 21 117 17 211 14 9 5 3 242 
TAN AE ot a es dome 176 26 512 37 751 17 il 20 1, 811 
Grasse eee ee cores 86 30 53 14 183 9 13 14 5 224 
Chaparral eas 72 95 30 27 224 15 6 22 14 281 
Woodland 225252202 62 126 93 15 296 12 4 Ii 7 330 
Brushes ois aes ae rsh 249 307 449 95 | 1,100 49 33 58 36 1, 276 


Motalecaeees 2,244) 1,754) 4,309 648 | 8, 955 300 558 387 276 | 10,476 
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Many of the original reports did not specify the types in which 
the fire originated. To determine the type with substantial accu- 
racy, the location of each fire was referred to a type map prepared 
for the purpose. This map shows the major types and, although 
probably some errors in determining the type in which particular 
fires occurred have crept in, these errors again are probably com- 
pensatory. it has been necessary to charge the acreage and cost of 
each fire to the type in which it originated. This is not invariably 
correct, as for example when a fire starting in chaparral is controlled 
at the edge of the western yellow pine and burns over a small area in 
that type. However, with few exceptions, the major run and charac- 
ter of a fire are determined by the type in which it started. A fire 
starting in chaparral, for example, will ordinarily attain such size 
and such momentum that it will still be very difficult to combat 
after it spreads into western yellow pine timber or into woodland 
areas, and can be classified as characteristically a chaparral fire. 
The use of the data in this manner probably affects the figures for 
total area burned by types, but is immaterial in other relationships. 

The unusual fire year and the few critical fire days of each year are 
of extreme importance in measuring ultimate success in protection. 


‘However, these extreme days and years affect all types within a 


general region simultaneously, but with an intensity varying with 
the type. The quality of data at hand precluded any detailed study 
of these important facts. They will, however, be isolated and 
analyzed in subsequent studies. 

In the analysis of the 10,476 fires the following data were abstracted 
for each fire: Date of start, cause, location, acres burned, class of fire, 
cost of suppression, elements of cost, type of cover, length of time 
from outbreak of fire to attack on fire, and for the years 1918-1920 
the length of time from discovery of fire to attack. These data were 
then assembled in various ways—by cover types, causes, by size of 
fires, etc., and studied in groups. In the analysis of the data, cover 
type was employed as the controlling basis for classification of the 
major observed and recorded facts. Average relationships have been 
used throughout. 

Meteorological data have been taken from the United States 
Weather Bureau records and from material collected by J. A. Mitchell 
and EK. N. Munns, of the Forest Service. 


OMISSION OF SPECIAL-RISK FIRES 


Of the eight recognized causes of fires—railroad, lumbering, brush 
burning, miscellaneous, lightning, camper, incendiary, and unknown— 
those resulting from railroads, logging, brush burning, and freak causes 
(miscellaneous), which may be termed “‘special-risk”’ fires, are every- 
where localized. Their occurrence depends mainly on the presence 
within a known restricted area of specific fire-using agencies. They 
are mainly the result of industrial occupancy. For example, lumber- 
ing has caused many forest fires through the use of fire in its operation 
of wood-burning donkey engines and railroads, and in brush burning, 
but such fires are possible only during the life of the lumbering 
operation. Furthermore, protective agencies and the industry have, 
during this 10-year period, been devising new methods of prevention 
and control for these classes of fires, making any specific conclusion 
drawn from observations to date of types and special-risk fires highly 
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questionable. Because cover type is only remotely influential in 
controlling the occurrence of special-risk fires, it is necessary to omit 
this category from the present discussion. 

The other major causes, lightning, camper, and incendiary, may, 
on the contrary, be regarded as causes of general-risk fires (‘‘un- 
known” are also grouped in this classification), because their distri- 
bution is widespread and because they may occur practically anywhere 
within the forest area. ‘These will be the only causes considered in 
this study, save on particular areas and in the total of the burned 
area by types. 


NUMBER AND SEASONAL DISTRIBUTION OF FIRES BY TYPES 


The knowledge that in general the length of fire season decreases 
progressively from the low-altitude chaparral type to the high- 
altitude fir, is important in building a protection organization to meet 
the varied needs of a national forest. But specific information on the 
average number of days’ lag in the opening of the fire season from one 
major type to the next is far more useful, because the financial 
structure of the Forest Service requires the use of average dates as a 
basis for allotment of funds. The usefulness of reliable average 
opening and closing dates is great, even though variations in length 
of fire season occur from year to year. 


SEASONAL DISTRIBUTION OF FIRES 


Over the 10-year period (Table 5) only a few fires have occurred in 
March, and these have been nearly entirely in the western yellow 
pine and Douglas fir types, with a very few in the mixed conifer 
and brush types. Neither in the high altitude fir and sugar pine- 
fir nor in the foothill types of chaparral and woodland have fires 
been noted in March. In April substantially the same is true, except 
that a few fires have occurred in the woodland and grass types. In 
neither of these months have there been enough fires to justify special 
measures in addition to the protection afforded by the regular force. 
In the low elevation grass and woodland types the grass and weeds, 
the principal fuels, are still green, but in the western yellow pine 
type the needles are becoming dry. 

In no type is the danger point of one fire per 100,000 acres in 10 
days reached in the first 10-day period of May. The fir and sugar 
pine-fir types are still entirely free from fires. In the second 10-day 
period of May the brush type closely approaches the need for special 
protection measures, with 0.85 fire per 100,000 acres, and, in the 
northern group of forests considered alone, past that point. In 
the western yellow pine and mixed conifer types the number of fires 
increases markedly, but does not reach the danger point. The fir 
type has a very few fires. Jn the third 10-day period western yellow 
pine, mixed conifer, and Douglas fir exceed the rate of one fire per 
100,000 acres. Chaparral reaches a figure of 0.99 fire per 100,000 
acres; but in the fir and sugar pine-fir types there still is but a scat- 
tered occurrence of fires. 

In the first 10-day period of June, there is a general increase but 
no marked change. The fir and sugar pine-fir are still well below 
the danger line (0.18 and 0.63); but finally reach that line in the 
second 10- day period of June. 
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Up to June 11 the total number of fires is distinctly higher in the 
western yellow pine and mixed conifer types than in the other timber 
types, and this continues to be true during the remainder of June 
and July. In August, however, the rate per 100,000 acres in the 
Douglas fir, sugar pine-fir, and fir types approaches the average of 
25.56 for the combined pine types given in Figure 5. September is 
marked by a decided failing off in number of fires in all types, though 
the danger point is exceeded everywhere. 

In the first 10-day period of October, as the end of the fire season 
is approached, the number of fires in all types except grassland is 
still at or above the danger pomt. In the second 10-day period, 
however, the rate for fir and sugar pine-fir drops so low that the 
season in these types may be considered closed. The third 10-day 
period of October sees the woodland type down to a similar basis 
of an occasional! fire, but the western yellow pine, mixed conifer, 
Douglas fir, chaparral, and brush types must still be pretected. By 
November, only the chaparral type continues in the danger zone, 
and before the end of the month even this is down to a low figure. 

When these figures are summarized (Table 6 and fig. 5), the long- 
est fire season is found to be five and two-thirds months, in the 
chaparral and brush, and the shortest, four months, in the fir and 
sugar pine-fir types. The principal timber types—the western yel- 
low pine, mixed conifer, and Dcuglas fir—have a common season of 
five and one-third months. | 

The limitations of these figures should be clearly recognized. 
They do not mean that in each individual year for each national forest 
the actual fire season is of the indicated length. Their significance 
lies rather in what they show of the relationshtp between the types. 
For example, they show an average lag of three weeks in opening date 
between the western yellow pine and fir types, a fact that can be 
taken into account in placing special-protection men and in making 
allotments. They show that the fire season lasts three weeks longer 
in the pine types than in the fir and sugar pine-fir types, a fact that 
also can be reckoned on. ‘The actual opening and closing dates for 
a particular year may vary considerably from the dates given in Table 
6, depending principally upon the prevalence or absence of rain. 


TasBLE 6.—Average length of fire seasons by types 1 


Length | 


: : : : Length 
Opening | Closing Opening | Closing : 
Type Type in 

date date ER date date Tanithe 

Western yellow pine_| May 20 | Oct. 31 5i4all Grasses s pees eee June 10} Oct. 20 414 

Mixed conifer_________ Peo (oye ee eS Gos se 54 | Chaparraléss 222) 2s May 20 | Nov. 10 524 

Douglas fir es ETc Koya eee | a dof 544 Woodlands: 22 222 June 10] Oct. 20 414 

Sugar pine-fir________ June 10 {| Oct. 10 4 Brushe se sess Swe ee May 10] Oct. 31 5% 
Riiremep iss ic anaes aide 2 [ee dos: | 4 


1 Basis: Occurrence of fires at rate exceeding one fire to 100,000 acres per 10 days, 12 timbered forests. 


A point of considerable significance is that the opening date is the 
same for all the timber types comprising the bulk of the forest areas— 
western yellow pine, mixed conifer, and Douglas fir. To provide 
protection only for the western yellow pine type, as has sometimes 
been done, thus appears to be an unsound practice, overlooking the 
possibility of danger to the other types, 
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CHARACTERISTIC STANDS IN THE NONTIMBER TYPES 
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This represents land of high timber 


is the result of fire and now consists of a dense impenetrable cover of wood 
the mixed conifer type prevailed. 


B.—The oak-woodland type forms an open parklike stand, with a ground cover of grasses and 
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THE CHAPARRAL TYPE 


A north slope covered with mature chaparral. Although no fire has gone through this particu- 
lar stand in over 15 years, this type has been and will continue to be, next to the brush fields, 
the most hazardous of all the types. Nearly all fires here are crown fires, with a terrific rate 
of spread, and are certain to involve serious losses in weakened erosion control and considerable 
damage to any contiguous stands of timber. 
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GRASSLAND-WOODLAND GROUP 
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PROTECTION SEASON 


FIGURE 5.—Seasonal distribution of general-risk fires per 100,000 acres, by groups, 1911 
to 1920 
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To build up the regular force in proportion to the number of fires—a 
practice which has been tried—has the effect of requiring each man to 
cover an area larger than his usual district. Speed in reaching fires is 
therefore reduced below the point of safety. 


DISTRIBUTION OF FIRES BY TYPES 


_Each type (Table 5) starts with a low number of fires in the early 
season, rises to a peak in August, then drops sharply. In total 
number of fires for the season per 100,000 acres of each type, the 
mixed conifer leads, followed in order by western yellow pine, chapar- 
ral, Douglas fir, brush, fir, and sugar pine-fir, with grassland and 
woodland lowest, the difference between mixed conifer and woodland 
representing an extreme range of 48 fires. When the types arear- 
ranged in natural groups (fig. 5), significant expressions of the com- 
parative total risks are obtained. In the first timbered group con- 
taining the western yellow pine and mixedconifer types, the risk is 
72.44 fires; in the Douglas fir type, the risk is 53.03, and in the third 
eroup, containing the sugar pine-fir and fir it is 45.40. With the 
figures for western yellow pine and mixed conifer as a base or 100 
per cent, the values for the other types can be expressed as percent- 
ages. (Table 7.) Of the timbered types, the fir group has but 63 
per cent as many fires per 100,000 acres as the pine types. 


TaBLE 7.—Data in Table 5 summarized and expressed as percentages of western 
yellow pine-mixed conifer group 


Types May | June | July | August peer Gato, Total 
Micedicmten © ieee ee fy 9G) | {°A00)) 100) noes Te ee 100 
Sine plnemnc te 0) Coe ETT | oO Nia i ac eel pe 
Se aa Siar es } 22 31 64 86 58 33 63 
Bean Es oy 080 | re ar ea 
Woodend’ 2 uc ep ee ag Bol et ee 


The fir and sugar pine-fir types, beginning in May with only 22 
per cent as many fires as the western yellow pine and mixed conifer 
eroup, rise steadily to 86 per cent as many fires in August, and then 
drop to 33 per cent in October. Thus even at the peak of the fire 
season in August the absolute chance of fires starting from all the 
general-risk causes 1s somewhat lower in the fir group. Before that 
time the slower drying out of the fir types probably prevents fires 
from starting, which, with an equal opportunity, would start in the 
pine type. The Douglas fir type, with 75 per cent as many fires as 
the pine for the season, is generally in an intermediate position be- 
tween the pine and fir groups. 

In seasonal total the chaparral and brush group has 69 per cent 
as many fires as the pine group. The fact that, in September, the 
number of fires in the brush is 89 per cent as high as in the pine, is 
probably explainable by the number of incendiary fires set at this 
time of the year, which, as shown elsewhere, are largely concentrated 
in the brush types. 
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The northern group of forests, Klamath, Trinity, Shasta, and Cali- 
fornia, have 6.93 more fires than the total group average for the 
season. (Table 5.)’ In two types only are there any appreciable 
differences in the number of fires per 100,000 acres; fir in the northern 
forests exceeds the general average by 9.53 fires, and brush by 11.99. 

Although for all the forests considered the Douglas fir type is 
intermediate between the pine types and the true firs in total seasonal 
fire rate, in the northern group the seasonal rate for Douglas fir is 
practically identical with that in the true fir type. The length of 
fire season, however, is the same as for the western yellow pine and 
mixed conifer types. 

The monthly distribution and total number of fires per 100,000 
acres for the four most important major types found in the northern 
eroup of forests agree in most particulars with the averages for the 12 
timbered forests. (Table 5.) In the north the season opens three 
weeks earlier in the brush type than elsewhere, and for the second 
10-day period of May the rate of fires is greater in the mixed conifer 
and western yellow pine types than elsewhere. 

The data for the northern group substantiate also the previous 
statement that in August all types are about equally susceptible to 
fires starting. 

NUMBER OF LIGHTNING FIRES 

Obviously the relative number of fires in different types may be 
affected not only by inherent differences in the types but also by the 
relative proportion of lightning and man caused fires. Lightning 
fires form the most homogeneous group of fires, and analysis of this 
eroup should more exactly express the inherent risk between the 
types than an average of all general-risk fires. The fact that lightning 
storms are very much more prevalent in the timber belt than in the 
chaparral and woodland types raises some difficulty, but so far as 
known the commercial timber types can properly be compared with 
each other on the assumption that equivalent opportunities exist for 
lightning fires in all. If there is a higher number of lightning bolts 
per 100,000 acres per year in one type than in another, it is certainly 
in the fir rather than in the pine belt. 

The lightning-fire data in Table 8 give the western yellow pine and 
mixed conifer types the highest number of fires. These two types 
together average 36.35 fires per 100,000 acres, whereas the sugar pine- 
fir and fir types together average but 29.68 or 82 per cent as many as 
in the pine group. The indications are that the slower drying out of 
the upper-elevation types plus the generally heavier precipitation 
known to occur there with hghtning storms tend to prevent many 
more bolts from starting fires in the fir than in the pine. This is no 
doubt true for the season as a whole, and particularly in June, when 
lightning fires in the fir group are but 32 per cent as numerous as in 
the pine group. In July the percentage is raised to 75. In August, 
the month in which all types are most nearly alike in susceptibility to 
fires starting, the number of fires in the two type groups is very similar, 
the fir group exceeding the pines by 1.21 fires per 100,000 acres. 
Thus, as with all general-risk fires, the relatively slow drying out of 


7 The northern group of forests were selected for special study because as a group they present particu- 
larly difficult problems in fire control; also this selection furnishes an opportunity for comparisons between 
the general averages obtained and a single group, 


20 BULLETIN 1495, U. S. DEPARTMENT OF AGRICULTURE 


the upper timber belts is undoubtedly a factor of prime importance 
in preventing the start of fires during the spring and early summer. 

The number of lightning fires is but 55 per cent as high in the brush- 
field type as in the western yellow pine and mixed conifer group. 
Since the brush type cuts across the entire timber belt and thus is 
subjected to the same lightning risk, the difference in rate is attribu- 
table to scarcity of trees in the brush fields. Tall trees are the objects 
commonly struck by lightning. The relative number of lightning 
fires from month to month in the timber types and in brush is fairly 
constant. 


TABLE 8.—Average seasonal distribution of lightning fires by types, 1911-1920, all 
forests 
[Number of fires per 100,000 acres] 


Type May | June | July | August pecba oe Total | * Ratio 
iIWieStermibyellow pees e sae suge na 0. 90 4.48 | 12.59 | 13.35 2. 62 05405 | 3453405 eee 
Mixed) conifers saeuae. Nana a eS nas 1,19 5.21 | 11.831) 17: 33 3. 20 S59 827 ee eee 
Douglas ire eee sees Cui A eile Wes ah - 96 2.97 8.91 9, 43 a Op ke ibaa 22. 97 63 
SULA PIMe My e MLN Ma ee ee RAL ie - 42 1.90 6.74 | 13.89 1. 47 21 24 5G3n| eee 
LO peut CCR IR AGS eS Sipe Re WEA a . 24 1. 40 9.67 | 16.85 2. 68 BO ||) tilly 1b ee £ 
GEASS CRD ie EDU BNI YR Se 2 YA Wi RN . 36 1. 62 2.16 4. 51 BEST ON en eS OOO | ess eres 
Obra parallel . 50 1. 24 1. 49 1.98 252 On| eae (ae: sl Vig sie 
VW O.O GLUE 0 CURE SP eee AEE RA CIN RL 1.47 4.10 3. 89 All -11 G(8) pe wee 
BW ef DES a Lut oe ie OLR A ti A ese 45 2.14 6. 61 9. 38 1. 38 . 09 20. 05 55 

UNV OT Os Aelia da an yee aismtye sag pan UI cs Aaya ~t2 3. 37 9.55 | 12.47 Pas) Ol he bret tayo ice a 


SUMMARY OF TYPE GROUPS 


Western yellow pine mixed conifer 


TT OUUTO apes se aan a PRR ck PAN SC 1.02 4.78 | 12.28] 14.98 2. 85 0.44 | 36.35 100 
Sugar pine-fir, fir group____-_____--_-- . 28 1. 51 9:01 | 16.19 2.41 6 9 29. 68 82 
Woodland, grass, chaparral group-_-__-- 21 1.47 2. 98 3. 67 . 84 - 05 9, 22 25 


In the woodland, grass, and chaparral groups the total number of 
lightning fires is but 25 per cent as great as in the western yellow pine 
and mixed conifer group, and but 46 per cent as great as in the brush 
fields, indicating a relative scarcity of lightning storms. The fact is 
that most of these storms originate above the upper timber belts and 
do not generally extend over the untimbered foothill region. 


NUMBER OF MAN-CAUSED FIRES 


The seasonal total of man-caused fires (Table 9 and fig. 6) is highest 
in the chaparral, followed in order by mixed conifer, western yellow 
pine, Douglas fir, brush, grass, woodland, sugar pine-fir, and fir. 
An interesting contrast is found in the fact that the figures for man- 
caused fires in western yellow pine (33.53) and mixed conifer (39.85) 
are practically identical with the lightning figures in the same types 
(34.34 and 39.27), whereas in the chaparral the 48.14 man-caused 
fires per 100,000 acres is the highest and the 7.44 lightning fires per 
100,000 acres, is the lowest of all. 
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NUMBER OF FIRES PER 100,000 ACRES 
FIGURE 6.—Number of general-risk fires per 100,000 acres annually, by types, 1911-1920 


Among the principal timber-type groups, Douglas fir has 88 per 
cent as many man-caused fires as the western yellow pine and mixed 
conifer group, and the sugar pine-fir and fir group but 44 per cent as 
many. Given equal opportunities for fires to start from human causes, 
a ratio, similar to that for the lightning fires, of 81 per cent between 
the pine and fir groups would be expected. Evidently, since this is 
not the fact, the total human use within the fir is distinctly lower than 
in the pine belt. This view is confirmed by the fact that in August, 
when the susceptibility of ail types to starting of fires most nearly 
approaches equality, only 55 per cent as many man-caused fires start 
in the fir asin the pme. No detailed comparison of seasonal distribu- 
tion of lightning and man-caused fires is required, since the two groups 
have such different seasonal histories. 


TABLE 9.— Average seasonal disiribution of man-caused general risk fires (incendiary, 
camper, unknown), by types, 1911-1920, 12 timbered forests 


[Number of fires per 100,000 acres] 


Type Mer.| Apr. | May | June | Juiy | Aug. | Sept. | Oct. | Nov.| Total | Ratio 

Western yellow pine___________ 0.42 | 0.44 | 0.92 | 2.70 | 6.66 | 10.56 | 7.05 | 4.59 | 0.79 | 33.53 |_-__._ 
Maxediconiferes\-) 4225-0. SOGE|P 1s 26r) L840 e |) 2. Ge 6s Hla710, 622) © QABIA a7 S35 Poo soa 
WOU CAS fire ke es. ee BBS 628 SOB oO \) GEO2F | SE G4] SB aE Sale a Sak ee) 88 
Suparipmectire es.) ere So tee ee PL N26 442 ale G4) Setoeu 2295) || 66319 79h) Be 
sir eames arty pe Mien ie TS De IL oligo 19 67 | 2.43 5. 60 3.95 | 1.46 3247) 14054) )o222 3. 
GTS oe in ol ee Br nae | MO . 36 .99 | 2.34 | 6.49 6. 31 5.40 | 1. 26 230 | 20,42, |-2- 22 2 
@haparraley pear et ee a Sei ess. ee 1.24) 2598 | 8544 | 16.135) 21016-) 6595 | 1524 | 48.414 |-223 = 
WiOOdl an Gee soe mie PE -21 | .42 | 1.79 | 4.00 |. 7.78]. 5.15 | 1.68 | .32 | 21.35 |_-___- 
STS Me pee eee BS -05 <2 94 | 1.35 | 4.07 9. 92 7.60 | 4.48 -45 | 29.13 81 
"AWVCLAGOY- Meee se 17 oot 90 | 2.07 | 5: 25 9. 72 7.18 | 4.63 OUR oO soe |eeeoee 


SUMMARY OF TYPE GROUPS 


Western yellow pine, mixed 

conifer groups. 222k. files: 
Sugar pine-fir, fir group_____-__- 
Grass, woodland, chaparral 


0. 24 | 0.35 | 1.12 | 2.78 | 6.33 | 10.60 | 7.97 | 5.88 | 0.81 | 36.08 100 
ee ee | is Se -19|} .80} 2.86} 5.83] 3.86] 1.79 | .43 | 15.76 44 


peers -19 | .52) 2.05 | 5.32] 7.68} 4.87] 1.54] .66 | 22.83 63 
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The brush type represents reversions in all of the timber types, and 
it might be expected that its average number of man-caused fires 
should approximate that of the three timber-type groups. The 
average figure for the timber groups is 27.95, very close to the brush- 
field rate of 29.08. 

A separation of man-caused fires into camper and incendiary fires 
by types is made in Table 10. Here the highest camper-fire 8 rate is 
found in the mixed conifer, followed closely by western yellow pine, 
with the woodland type the lowest. The rate for the fir types is 
practically one half the average for the timber types dominated by 
the pines and is even less than the average for the nontimbered or 
poorly timbered types. 


TaBLe 10.—Average annual camper and incendiary fires by types, 1911-1920, 
12 tembered forests 


[Number of fires per 100,000 acres] 


- Ratio, 
ncen- incen- 
Type Career diary | diary to 
fir camper 
fires 
Number | Number | Per cent 
Wiesterm Vell we pines secs ere iain Se Mee NIE aie oe Ae Rea a) Sly Ree oon ee 18. 20 10. 10 55 
Maixed’coniferssshtacc 2s ates) lave Oe ea ug oe Se a Re Oe eee 19. 83 ek 72 69 
A YOY DRE BN ah Ce a a A OS ae a 7S oie Po Do care RO Sr Beedle 8. 21 22501 277 
SULpea eH freee PO Ae  Dahiel A FS  agae A AA 11. 79 4.42 37 
SENN WS SS AL NI eg AL a ON SS OA NO MN den been Gaal Ele hep 10. 71 1.58 15 
CGB Chg estat AN sre re ce Rea ee Mc aaa ame e eS cael GAR Ne 15. 50 5. 41 35 
Chaparral!) eis ee eas eh er en ee ore Ais ae ee Ee NE 17. 87 23. 57 132 
NUCL OG BIEN oY Lee are ail a SG a NS Nee inet Soh y Silber 6. 52 13525 203 
BVUSI Er fe UEP e ae ee BAe ee oe eee aU Cas Sea Oat 11.12 13. 71 123 
TaN) WG § ete ge i HAT EE AU A BORN a a ih Nhat Mot, 14. 87 11. 62 78 


SUMMARY BY TYPE GROUPS 


Western yellow pine, mixed conifer__.._..._.....-.....-_..-.-----------__ 18. 86 11. 57 61 
Sugarpine-firDouelas: fir, firs. eae ee ee 9. 99 9. 41 94 
iBrushvchaparral, woodland, prass228 sae e es) se ee a 11.31 13. 45 119 


Ye DWNT 10 0 01] 0 5) tea cae esa ite NON HOR CN th Rey rc Dao SR Ph AVN Te ABA a 16. 22 10. 93 67 


In a broad way these figures for camper fires indicate the relative 
recreational use of the different major type groups. The surprisingly 
high rate in the chaparral and brush is probably caused by the popu- 
larity of these types for deer and quail hunting. That there is a real 
difference in the amount of recreational use between the pine and fir 
types is indicated by the fact that the fir types, even in August, the 
peak of the fire season, have but 65 per cent as many camper fires 
per 100,000 acres as the pines. 

Incendiary fires in the chaparral type attain a still higher rate, in 
striking contrast to that for the western yellow pine and fir types. 
This indicates that the setting of incendiary fires is induced primarily 
by the presence of brush, which is burned on the theory that it will 
increase forage. Further, 47 per cent of the incendiary fires in the 
chaparral type occur in September and October, the months during 
which the severest burns may be obtained, a fact well appreciated by 


§ For this period camper fires include what are now segregated as smoker fires. 
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incendiaries. The high rate of incendiarism in the Douglas fir type 
is exceptional and is explained by the point of view of the local popu- 
lation in the northern group of forests—a condition not duplicated 
elsewhere. In the fir and sugar pine-fir types the incendiary problem 
is insignificant. 


RELATIVE EASE OF HANDLING LIGHTNING FIRES AND MAN-CAUSED FIRES 


In the earlier analysis of these 10-year data it was found that of the 
three major general risk causes—lightning, camper, and incendiary— 
lightning fires were the most easily handled, except where very large 
numbers occurred at one time. A partial explanation for this is that 
some rain ordinarily accompanies lightning storms, thus checking 
the initial spread and giving the organization a chance to suppress the 
fires. An additional reason now appears to be the relative scarcity 
of lightning fires in the chaparral and brush types, where fires are 
most difficult to control. The lightning fires are thus generally timber 
fires in character, rather than crown brush fires. 

The most difficult fires to handie were found to be those caused by 
incendiaries. The outstanding reasons are evidently that incendiary 
fires are typically brush and chaparral fires and that they are purposely 
set under the most difficult circumstances. 

Camper fires are more abundant in timber than in brush and chapar- 
ral (though by no means absent in the latter types) and so are inter- 
mediate in difficulty of control between lighting and incendiary fires. 

Man-caused fires as a group form a very much higher part of the 
total fires of the low elevation types—chaparral, grass, and wood- 
ete wae of the higher elevation types of Douglas fir, sugar pine-fir, 
and fir. 

The relative proportion of the different types found in a forest is of 
tremendous importance in the fire problem, affecting the kind of fires 
that start and consequently their behavior after start and difficulty of 
control. ‘This explains to a considerable degree the inherent differ- 
ences in fire control between adjacent forests and forest groups. 


CONCENTRATION OF RISK 


So far the numbers of fires starting have been discussed as though 
they were uniformly distributed within the total area of each type. 
This is a useful concept in comparing the fire problem in the several 
types, but it is more accurate to recognize that everywhere fires, both 
lightning and man-caused, start in well-defined zones, which cover 
but a portion of the total forest area. 

Concentration of risk is well illustrated in the northern group of 
forests, for which the percentage of each type in actual risk areas was 
planimetered from type and fire occurrence maps. (Table 11.) The 
grass and woodland group has the largest part of its total area sub- 
jected to risk, followed by the brush-chaparral group, the western 
yellow pine-mixed conifer group, the Douglas fir group, and sugar pine- 
fir and fir group. Comparable figures for the other national forest 
groups indicate similar conclusions and are therefore not included. 

In this particular, as in many of the other elements of the fire 
problem, the nontimbered and, except for the brush fields, relatively 
low-value types, have a higher rating than the timber types, averaging 
46.6 per cent, as compared to 41.9 percent. This difference, however, 
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is not so striking as that for some of the other elements of the problem, 
and does not aficct materially the reliability of the figures based on 
total type areas. 


TaBLE 11.—Risk areas, by types, northern group of forests, all causes, 1911-1920 


Type Total Area Ratio 


area of risk of risk 
1,000 acres|1,000 acres} Per cent 
BRine7eTOUD so! 3 Ree 3 A ee ER oe ebay Ue oe Seema Ak is eee 2, 819 1, 205 43 
DOUG aS Mir ke CAF SARS NN a RTS 8 ARs LO EISEN IES NES Sh tral cara 1, 101 453 41 
WEES fg 0) B yO eee ee eee gee, ange lee AnD nce A RN UN Se cat age 671 265 39 
Totalstimbered ss Ses eee OE Eee Tees eae Pee Mee 4, 591 1, 923 41.9 
Brush Cha parra ley Se fhe tl yes 2 Re Ne as aN Rah ho ae Ree A, ge 1, 303 598 46 
GUISES OO Chiba i Usk a a Ml a A a Shan SN ye ee As eee ee 353 174 49 
Rotal. nOnEtM Mere Cosy aely he Gee ee ee RES Seep a) ER 1, 656 | 772 | 46.6 
AUltty pes s=t a. Se Bd ae ee 6, 247 2, 695 43.1 


CONTROL OF FIRE AS AFFECTED BY TYPES 


The effectiveness of control over a period of years 1s gauged indi- 
rectly by the percentage of fires over 10 acres in extent, or C fires, 
and more directly by the size of the average fire and the percentage 
of area burned annually. (Table 12 and fig. 7.) Of the general-risk 
fires only, the proportion of C fires averages highest (57.1 per cent) in 
the chaparral type, considerably lower in the brush, grass, and wood- 
land types, and so in descending order through the Douglas fir, 
western yellow pine, mixed conifer, and sugar pine-fir, down to 9.9 per 
cent in pure fir. The size of the average fire, ranging from 539 acres 
in chaparral to 29 acres in the fir type, decreases in almost the same 
order. The largest average C fire is found, as might be expected, in 
the chaparral type and the smallest in the fir type. 


RESULTS OF PROTECTION 


The success of protection as measured by average annual percentage 
of the type burned in general-risk fires (Table 12, last column) has 
been least in the chaparral and brush types, or those with the greatest 
amount of inflammable fuel and with the most critical climatic con- 
ditions. Within the commercial timber types the least success has 
been attained in the western yellow pine and Douglas fir types and 
the greatest success in the pure fir. As the highest present exploitable 
timber values per acre are in the pine types, particularly in the western 
yellow pine, and the lowest in the fir type, even if the objective of 
fire control is considered to be merely preservation of existing values, 
the effort made during the decade has by no means accomplished its 
purpose. ‘The heaviest losses have been sustained in the forest 
types of highest present values. 

The situation m the restocking brush fields is particularly grave, 
because the annual rate of loss of 1.24 per cent means that the process 
of restocking the brush fields themselves is retarded through burning 
of newly established reproduction and by reduction of site quality; 
also because all fires originating in the brush tend to wipe out a part 
of the adjacent timber belt. The annual loss rate of 3 per cent in 
chaparral likewise is to be regarded as serious, for as has already 
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TasLte 12.—Acreage burned and size of fires by types, 1911-1920, 12 timbered 
Jorests 


GENERAL-RISK FIRES 


| : . Area 
Size Size 
Total Area Total pee ca} Durned 
Type area | burned | fires C fires BEE AES | SNe aoe ann 
fire C fire = 
ally 
1,000 | | 
acres Acres _ |Number| Number Per cent) Acres | Acres \Per cent 
Western yellow pine_-_________----- 4,554 | 395,747 | 3,090 642; 20.8 128 616 0. 87 
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WYenete lst fitone, eee he eS 1,14 89, 332 626 1 EPA lies aa 143 491 DUE 
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@hapanranlel ers i he Se 403 | 120,792 224 128 57.1 539 944 3. 00 
Wd lance ee ee ee ee rare 951 79, 224 296 99 33. 4 268 800 . 83 
BTS He eek Ee 2,239 | 278,007 | 1,100 | 383 34.8 253 | 726 1. 24 
‘Eotal/oraveragvet ss ahs 2 » 15, 083 [> 209,711 | 8,955 | 2,135 23.8 135 567 80 
ALL FIRES 
Western yellow pine____---.-.----- 4,554 | 502,552 | 3,654 784 25 157 641 1.10 
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Dou elasitins 2 28 eRe kee Ss 1, 145 92, 403 659 192 29.1 140 481 81 
SHsar pine ir. See es 475 20, 717 242 ol 21.1 86 406 . 44 
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Woodlands 2). tS ee ee ea 951 §3, 113 330 115 34.8 52 723 . 87 
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"Eotal or average 222 2 eee 15, 093 |1, 453, 211 | 19,476 | 2,569 | 24.5 139 566 96 
t 
SUMMARY OF ALL FIRES BY TYPE GROUPS 
Western yellow pine, mixed conifer | | 
PTO ae ee ee eS 7, 681 702,996 | 6,653 | 1,434 21.6 106 490 0. 91 
Sugar pine-fir, Douglas fir, firgroup_| 3,264} 151,846 1,712 332 19. 4 | 89 457 47 
PANTIE EYER DG es ee = SOS a 6S Ee 10,945 | 854,842 | 8,365} 1,766 PAI 102 484 acl 
Chaparral, grass, woodland group__| 1,909 3, 894 | 835 | 356 42.6 | 328 | 769 1.43 


been seen, such frequent burning reduces, at least temporarily, the 
watershed value of these lands, and the fires frequently encroach on 
adjacent timber stands. 

The combined loss rate due to both general and special risk ae 
(Table 12 and fig. 7) varies in the same order iweeion types as the 
loss from general-risk fires alone. In the western yellow pine type, 
where fire-using agencies are numerous, especially logging, the average 
annual loss is raised to 1.1 per cent. This is nearly five times as creat 
as in the fir type, the easiest of all the timber types to protect and 
with the lowest present values at stake. Here the annual loss rate 
has been held near to the 0.2 per cent of maximum allowable burned 
area. In the restocking brush fields the loss is six times as great as 
in fir and over three times as great as for all timber types. 

These figures for the entire pine region obviously are a very general 
expression of the success of protection and the relative spread of fire 
in different types. Natural groups of forests or individual forests 
may show considerable difference in the degree of success attained. 
In the northern group (Table 13) the loss rate in the western yellow 
pine type (1.38 ‘per cent) approaches that in the restocking brush 
fields (1.53 per cent). But here, as for the region as a whole, the fir 
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type is the only one in which the annual rate of loss has been kept 
near 0.2 per cent. The other main forest groups average a lower 
rate of loss than the northern group, though the relation between 
types is substantially the same. 


TaBLE 13.—Acreage burned and size of fire by types and forest groups, 1911-1920, 
general-risk fires 
NORTHERN GROUP OF FORESTS 


w 


Total Size of | Area 
Type teens acreage ee C fires aver- burned 

burned age fire nually 

1,000 
acres Acres |Number|Number|Per cent| Acres |Per cent 
Wiesterniyellow pine@s2= = = a 1, 491 205, 026 1, 051 243 23.1 195 1.38 
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EAST SIDE AND NORTHERN AND SOUTHERN SIERRA GROUPS 
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Nixeds conifers ie wants ese A 1, 799 94,210 | 1, 487 290 20. 2 66 B52 
DDOUCTAS SiR eS 2) AES ee Oe 44 374 24 6 25.0 16 . 08 
SSL 3 tess ae a tecg eS SiN Seve Sep As 1, 303 15, 906 544 44 8.1 29 12 
HES TUIS Hee ete eye page Rs gee eel sh 1, 194 118, 026 461 187 40. 6 256 99 


CONCENTRATION OF HAZARD AREAS 


These losses in percentage of area burned, like occurrence of fires, 
are not uniformly distributed over the entire area of each type but 
are concentrated in well-defined zones. For the decade under review 
in many localities in the northern group of forests, over 40 per cent 
of all fires became class C, and the burned acreage was correspondingly 
high. The protection problem is particularly critical on such areas, 
and this is characteristic of the whole northern group of forests. In 
Table 14 are given the results of planimetering these areas of con- 
centration of high hazard on type and hazard maps of the Klamath, 
Trinity, Shasta, and California National Forests. Of the brush and 
chaparral area, 22.9 per cent had over 40 per cent C fires. This is 
the lowest degree of success in protection of any type. It is followed 


TABLE 14.—Concentration of hazard: Areas on which 40 per cent of C fires occurred 
in northern group of forests, 1911-1920 


Total . 
: Area with 40 per 
Types Tepe! cent C fires 


1,000 acres|1,000 acres| Per cent 


Mixed ‘conifer:and: westernsyellowapines = s=2 58) 2 os ee ee 2, 819 373 ae 
TD Yoyb etd YS ih ea gee Pig ne, ed eres edge UO onthe eb te es tage neal eee SSL Sw ee 1, 101 101 9.2 
Hirisuearpine=fir, and valipin ess ss see oe wre ee ON eee eee pele ea ee 671 63 9. 4 

Total timbered sates ees Dee eee a PN ees oe 4, 591 537 iW ar 
BTUSH CHAD ATE Ae scene ee ee aes eee een ee ae ee 1, 303 299 22.9 
Grass:swood Dam dite. sts fees het, er ee a oe oe es Cena eee 353 48 13.6 

Total montimbered st. 222222. 22h Se eee ee eee YES 58 Mais ©, S 1, 656 347 20.9 


A Gy PEs eae oe Ae 5 a ee ee eee 6, 247 884 14.1 
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FIGURE 7.—Acreage burned, all causes, by types, 1911-1920 
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in order but with much lower figures by the grass and woodland group, 
the western yellow pine-mixed conifer, the sugar pine-fir and fir, and 
the Douglas fir. The average for all nontimbered types was 20.9 
per cent and for all timbered types 11.7 per cent. Comparable figures 
for the other national-forest groups point toward similar conclusions. 

High hazards concentrated on a small area are more readily handled 
‘than if widely distributed, and thus the difficulty of meeting extreme 
hazard increases materially from the high-altitude fir to the low-alti- 
tude chaparral. 


SIZE OF FIRES, RATE OF SPREAD, SPEED OF .TTACK 


Speed of attack is one of the dominant factors controlling the final 
size attained by a fire in any locality, despite exceptions caused by 
extreme weather conditions during short periods. It would appear 
possible to sort into groups within each type all fires attacked within 
one hour, within one to two hours, and so on, and then by plotting a 
curve of acres burned over elapsed time to determine directly the 
desired relationship. Even with over 10,000 fires as a basis, however, 
the number of subdivisions to be made and the variability of spread 
in individual fires are so great that a satisfactory curve can not be 
derived in this manner. 


TaBLE 15.—Elapsed time from start of fire to work begun in relation to final size of 
fires, general-risk fires, 1911-1920, 12 tembered forests 


: Index 
Total Total Average | Size of (size of 
Type fires | Clapsed | elapsed | average fire, 
= time time fire elapsed 
time) 
Number | Hours Flours | Acres 
Wiestern-yellowspines=> 25 S58 = = sake Sea ee oes 825 12, 900 15. 64 | 128 8. 18 
Mixed Conifers wes ae Varies knee i ee 658 12, 141 18. 45 70 3. 79 
DD OU STAS fire ene eee ore ee tere a eee eee 76 1, 325 17. 43 143 8. 20 
Sears pineahinsh eek cee eee he ae Ri a Sele 33 702 21. 27 92 4.33 
TEDL T ogee ee eae ea Teg Ce pe pey et eG Sh ta lm ees fy eae 178 4,831 27. 14 29 1.07 
GT ASS es ho ae ae Be eb eer pe ee 57 425 7.46 177 23. 73 
(OE jaye eh gay Ve ae Spee wee ene ba A DW i aR 104 1, 019 9. 80 539 55. 00 
Woo dla nGdiiks sascha ss ee ciao Jo bee tay Meee eee 47 1, 001 21. 30 268 12. 58 
IBTUSHee Sosos neue tat ee eS Eee SEE Nee nN 201 38, 689 18.35 253 13. 79 
Total:OMmaverageescosshaewssesecseeesceeeuebes 2, 179 38, 033 17. 45 135 7. 74 
SUMMARY BY TYPE GROUPS 

Western yellow pine, mixed conifer group__-.-_------ 1, 483 25, 041 16. 89 102 6. 04 
Sugar pine-fir, fir, Douglas fir group-_----...---__---- 287 6, 858 25. 90 66 2.76 
IAI Elm Denese see wns Re eS See sec iMiuMee 1, 770 31, 899 18. 02 96 5. 33 
Chaparral, grass, woodland group_.._--------------- 208 | 2, 445 | 11.75 | 379 32. 26 


As a substitute measure, the acreage of the average general-risk 
fire and the elapsed time from start of fire to work begun on the 
average fire have been computed for each type (Table 15 and fig. 8), 
and from these figures an index has been derived which combines 
two factors, rate of spread and difficulty of control. For example, 
suppose two fires, one in grassland and one in chaparral, are attacked 
by equal crews, each fire being 10 acres in extent at the end of one 
hour. Obviously the rate of spread is the same for both, but the 
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final acreage of the chaparral fire is likely to be much the larger of 
the two, for the reason that line construction is easier in the grass- 
land than in the chaparral and the race between line construction 
and creation of new perimeter by the fire will be most rapidly won 
in grassland. A factor in difficulty of control which directly affects 
final acreage is the intensity of heat, which depends upon quantity 
and inflammability of fuel present, irrespective of other topographic 
or climatic conditions. On the grass fire the crew will be able to 
work close to the edge of the flames, thereby holding the amount of 
line to the minimum. On the chaparral fire, however, the heat of 
the flames will force the crew to drop back some distance from the 
burning edge, and thus the length of line to be constructed and 
the final acreage will be increased. 
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FiGURE 8.—Measures of fire hazard, gereral-risk fires, 1911-1920 


The lowest and highest values of the index figures are 1.07 for the 
fir type and 55 for “the chaparral. In a broad way these figures 
mean in terms of fire control that with equal speed of attack (i. e., 
intensity of protection or hour-control) fifty times as many acres 
per hour will be burned over in the chaparral as in the fir type. Put 
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in another way, it means that if 1-hour control is correct for the fir 
type, 1-minute control would be required in the chaparral to maintain 
the same average size of fire. The rate in chaparral is nearly seven 
times as high as in western yellow pine, the most hazardous of the 
timber types. The Douglas fir type has almost exactly the same 
rate of spread as the western yellow pine. 

' The ratio between the index figures for the western yellow pine 
and fir type is about 744to1. In the existing protection organization 
the difference between the two types is recognized only to the extent 
that on the average in the fir type one protection man covers three or 
four times as much territory as in the pine type. The average for 
the low-value chaparral, grass, and woodland types is six times as 
great as for all timber types. Any theory of basing protection effort 
on timber values at stake would place the emphasis on the timber 
types. But the situation requires even greater effort in the low-value 
types, for the sake of the watershed values at stake within these 
types and to insure against spread of fires into adjacent timber stands, 
as well as to reduce the number of large fires requiring high expendi- 
tures for suppression. 

In the fir type an average elapsed time of 27.14 hours has held the 
acreage burned by general-risk fires to 0.18 per cent of the type area 
annually. In the western yellow pine an average of 15.64 hours has 
resulted in an annual loss of 0.87 per cent. 

The figures do not lead to the conclusion that the intensity of pro- 
tection should be decreased in the fir type, but rather that it should 
be increased elsewhere. ‘The success attained in the fir type indicates 
that existing protection is about right to hold the annual burned 
acreage to the proposed maximum of 0.2 per cent annually. The 
index figure for the brush type is 69 per cent higher than that for 
the western yellow pine, indicating a need here for intensive protection 
even more urgent than in the commercial-timber types. 


TABLE 16.—Cost of class A fires by types, 1911-1920, all causes, 12 timbered 


forests 
Class A Total | Cost per 
Type fires cost A fire 

Number | Dollars | Dollars 
Wiestern.yellowspin@s:) =o 2a acess ie ee ee ee ee 1, 627 8, 185 5. 03 
Mixed: conifer 222 = 22-22 3 a2 DR eee ee 5 ee ee a ee ae ee ee 1, 263 6, 404 5. 07 
Douglas j U1 ae See ee Sp Oran, ee Emre aR eae Sk Set To Das 251 1, 481 5. 90 
Buea [OE A Ses #6 age teen Cesta Nat OS ans ee LOI oui es od So 109 501 4. 60 
By ep ee ee ap pie the neh en oe ga Sc ere air pene Pe Shien ga eh irad Ghee ek a tps 474 1, 966 4.15 
Gas Sg REE SR cB MGS oe Peg SONS PN NSAN SES ADC INES Sa MOY Pele pO P ERTS. gn DSN AN 27. 3.61 
Chaparral: 2252 so 3S eS SEA ae Sa I eg SS een ee 56 582 10. 39 
Wieodland ete oa ae ae ee ee nee Rimes 107 302 2. 82 
Bushs aes $e. BR Sis a a ha ye Bia yt he a et 388 2, 926 7. 54 
CASVOPAG Cs tag SEE 2k ee 2 2 Ne Ree ae | ap eee | a 5. 20 


SUMMARY BY TYPE GROUPS 


Western:yellow: pine; mixed conifer zroup-- => =) 2 eee 2, 890 14, 589 5. 05 
Sugar pine-fir-tir. DW Ouglas fil SrOU pa. oe eee ee ee ee a ee 34 3, 4.73 

AW timber 042s es Pr ee ee ee eS ee 3, 724 18, 537 4. 98 
Brush; chaparral: croup... ee be ee es oak ee ee 444 3, 508 7.90 
Grass, woodland group: <7 aa ee ee eee | 184 580 3.15 
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— MEASURE OF DIFFICULTY OF CONTROL IN FIRE SUPPRESSION 


The authors’ earlier work ° with the California fire data brought 
out as perhaps the best* available index of control difficulty the 
average cost of the fires under one-fourth of an acre in extent, or 
class A fires. The cost of these small fires represents with sub- 
stantial accuracy how much work must be done in each type to con- 
struct a given length of fire line. (Table 16 and fig.9.) The highest 
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FIGURE 9.—Measures of difficulty of control, Apes righ fires, 1911-1920 


average cost per fire is in the chaparral and the lowest in the wood- 
land type. The average ($3.15) for the grass and woodland group, 
where fire-line construction is least difficult, is the lowest of all. In 
the group of nontimbered types (chaparral and brush), where fires 
are most difficult to control, the cost averages two and one-half times 
as much. For all the timber types as a group the cost 1s 58 per cent 
higher than for the grass and woodland. These figures over a pee 
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of years, besides expressing the average differences in labor required 
to suppress fire of a given;,size, indicate also the relative size of crew 
required to construct a given length of line in a given time. Thus 
for brush and chaparral fires, a crew two and one-half times as large 
is required as for woodland and grass fires. Moreover, since the cost 
measures the amount of fuel to be removed in line construction and 
the amount of fuel present is an indication of the severity of the fire, 
these costs have a further significance as indicating the inherent 
hazards. 

Within the timber belt itself the differences between types are not 
nearly so great as between the major groups of types. (Fig. 10.) 
Pure fir, at $4.15 is indicated as the easiest timber type in which to 
control fire, and Douglas fir, at $5.90, as the most difficult. Probably 
the high figure for Douglas fir is affected by the location of most of 
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FIGURE 10.—Average cost per A fire, by types, all causes, 1911-1920 


the type area in the northern group of forests, where the difficulty 
and hence cost of reaching fires averages greater than in other parts 


of the region. 
_ COST OF SUPPRESSION 


Average cost per fire for ail general-risk fires (Table 17) varies in 
much the same way between types as the cost of class A fires. Of 
the timber types, fir has the lowest average cost and Douglas fir the 
highest. Chaparral has the highest cost of all, followed by brush 
and woodland, all higher than the timber types. In the major 
type groups, the average cost of brush and chaparral fires is nearly 
double that in the western yellow pine and mixed conifer types. 
The cost in the grass and woodland types is intermediate between 
all timber and the brush values. 

The total cost of suppressing all fires in a type is of course measured 
both by the cost of the average fire and by the number of fires per 
100,000 acres in the group. Combining the two as ‘Cost per acre per 
year’’ produces an expression of suppression cost by types. Within 
the timber types, the cost is lowest in pure fir and highest in Douglas 
fir, while costs in western yellow pine and mixed conifer are identical. 
The highest cost of all is in the chaparral and the lowest in the grass 


type. 
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TasieE 17.—Cost of suppressing general-risk fires in different forest types, in relation 
to difficulty of control, cost of fires, and degree of accomplishment (percentage of 
C’s), and percentage of area burned annually, 1911-1920, 12 timbered forests 


Cost of | Fires Total Cost Class Cost Area 


t per acre : 

Type average ‘Gave 1 000 C of A baeied 
, , per 

ai acres acres year fires fires | annually 


Ree 


Dollars | Number | Dollars | Dollars | Per cent | Dollars | Per cent 


Western yellow pine__________-- 57. 80 67.9 3, 920 0. 0039 20. 8 5. 03 0. 87 
Mixediconiter = 29). at 5 49. 830 79, 1 3, 940 . 0039 1.1 5. 07 Sb5 
ae Plas ieee anne 94. 20 54. 7 5, 150 . 0052 29.1 5. 90 718 
Sugar pinesnies Se So} ceed | is 68. 10 44, 4 3, 020 . 0030 19.9 4. 60 41 
eee ei 8 TE Ae 46. 00 45.7 2, 100 . 0021 9.9 4.15 H 

Gos Peete Paes ok Lon ee 54. 70 33. 0 1, 800 0018 35. 0 3. 61 . 58 
(CANE) OR 72) oS See eed ee 117. 60 55. 6 6, 540 0065 Yi 10. 39 3. 00 
Wood inridreer es toe ee wee 94. 20 31.1 2, 930 6029 33. 4 2. 82 . 83 
Brushes sel h En tess Ba 97. 06 49.1 4, 760 0048 34.8 7. 54 1, 24 

INVETAGG 4321 32 Ea 64. 60 59.3 3, 830 0038 23.8 5. 20 0. 80 


SUMMARY BY TYPE GROUPS 


2.4| 3,920} 0.0039 20.9 | 
Sar 


Grass;woodland=*.— = = | 78. 21 


OTHERS Ey ea et oy mE 54. 20 7 5. 05 0. 74 
Sugar pine-fir, Douglas fir, fir___ 67. 60 48. 3, 290 . 0033 Serge 4.73 .40 
NMIgiper es. Ga LOU eam OOse | ey CO |__ .0037 20. 2 4, 98 . 64 
Brush, chaparral______--------- | 101.00 50.1|  5,080|  . 0051 38. 6 7.90 1.52 
| 31.8| 2490] 0025 34.0| 3.15 67 


Data on presuppression costs for the different types are not avail- 
able, though in a broad way probably the average elapsed time 
(Table 15) measures approximately the intensity of protection in the 
various types. A comparison of the timber types on this basis 


indicates that western yellow pine has had the closest protection and 


fir the least. 
CONCLUSIONS 


Study of the nine major cover types of the California pine region 
reveals distinct and characteristic differences between them, many of 
which have a direct bearing upon fire danger, 1 in their influence upon 
risk of fire starting, available fuel, type of fire, rate of spread of fire, 
ease of control, accessibility of fire, and so on. Thus type differences, 
which are in turn the reflection of differences in climatic conditions 
throughout the region, are an important key to further refinements of 
the methods of fire control. 

I’xamples of the close relation of type differences to specific prob- 
lems in the prevention and suppression of fires are very evident in the 
data presented. For one thing, the discussion has emphasized the 
large number of incendiary fires i in chaparral and brush, a considera- 
tion that may well be of value in promoting specific fire-preventi tion 
and law-enforcement measures. The differences in the length of fire 
season in the different types, varying from five and two-thirds months 
in chaparral to four months in fir, 1s a valuable indication in placing 
fire guards. The rate of spread and difficulty of control, indicated 
chiefly by index figures, vary in the ratio of more than 50 to 1 between 
the most difficult and the easiest types to protect. The study of the 
difficulty cf control alone, as measured by the cost of class A fires, 


34, 


brings out valuable indicators for the placing of fire guards and deter- 
mining the size of suppression crews. 

One of the salient indications of the data studied has been the 
necessity for far greater development of the present protection organ- 
izations, and other protection effort. This has appeared in the figures 
estimating the percentage of type area burned annually, when com- 

‘pared with the proposed acceptable maximum of 0.2 per cent of area 
per year. (Fig.11.) In the fir type alone has fire been kept below this 
maximum. ‘The most valuable timber type, the western yellow pine, 
stands an annual loss from fires of all sorts of more than five times this 

figure, a loss that need occur 

successively for only about 90 

years to burn over the entire 
area of the type. Restocking 
brush fields, where young growth 
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FIGURE 11.—Area burned in decade, in relation to 
total area of type, all causes, 1911-1920 


fairly definitely to certain means by 


if protected will develop profit- 
able timber stands of pine and 
fir, are being burned over at a 
still higher annualrate. At this 
rate only 70 years would be re- 
quired to destroy utterly this 
promise of future timber forests. 
lf this study of forest cover 
as related to fire control did no 
more than poimt out these 
dangerous shortcomings in the 
present protection organization, 
the work would probably be 
fully justified. It is true that 
the investigations discussed 
here lead to no final mathemat- 
ical expression of the differences 
between types nor of the corre- 
sponding changes needed in fire 
control. They do, however, 
yield indications that are vital 
in the perfecting of the protec- 
tion organization. They point 
unmistakably to the types in 
which protective work must be 
immediately increased if forest 
values are to be preserved, and 
which this end may be attained. 


Type has been shown to be a factor in the number of man-caused 


fires and can well be taken into account in the application of any 
restrictive measures which are designed to prevent fires from starting, 
and which are directed against campers in general or against smoking 
in the woods. Where it appears desirable to close certain forest areas 
to all forms of use, a knowledge of type differences may be of con- 
siderable assistance in defining these areas. This knowledge may 
also be of value as a guide in the extension of such measures as that 
of removing fuels from along roads, trails, and railroads, or of building 
fire lines in areas of high hazard, breaking up brush area into blocks, or 
separating low-value chaparral from brush or commercial yellow pine. 
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The organization of forest-fire control on the national forests has 
reached a high level of effectiveness, considering the resources avail- 
able for the task. But just as this particular analysis shows unmis- 
takably that the needed minimum burned area was not attained, so 
a similar analysis of even the most recent years would lead to a 
similar conclusion. During the decade here reviewed, and thereafter, 
the conception of protection needs has expanded to include large 
systems of roads, trails, and ways in addition to lookouts, fire guards, 
patrolmen, and communication systems. The most economical and 
results-producing use of all these measures can be made only if the 
question ‘‘ What hour control is needed in each area?” can be answered 
explicitly. This question can not be answered now. 

In the current extension of the road and trail building programs to 
improve hour control where fire danger is greatest, existing knowledge 
of type differences is indispensable, but more exact measures of the 
magnitude of differences in terms of hour control are urgently needed. 
In the same way, the replacement of foot travel by horse travel, and 
of horse travel by motor, will be most economically effected when a 
full understanding of the actual hour control needs for various areas 
and types is available. 

That this information can not be obtained easily and simply is 
shown by the results of this preliminary study. It is equally clear 
that the correct hour-control needs can not be set by judgment alone. 
A major conclusion of the investigation is that similar analyses should 
be prosecuted actively in the future. As more complete information 
on fires is obtained and analyzed, far broader and more specific rec- 
ommendations for effective fire-control measures can be made than 
this initial study justifies. Future research should aim to relate 
cover type, not only to silvicultural systems:and range use, but also 
to forest-protection needs, as a logical basis for allotment of funds, 
for regulating the intensity of protection, and for correct timing and 
location of special prevention and suppression measures, 
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